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ELECTRONIC CAMERA 

BACKGROUND OF THE INVENTION 

Recently, electronic cameras which record the image of an object using a solid-state 
image pick-up device, such as a CCD (charge-coupled device) array instead of a silver salt fihn 
have been popularized. Generally, there are still cameras for picking up still images and video 
cameras for picking up dynamic images. Electronic cameras have a solid-state image pick-up 
device with many detecting elements, each corresponding to an image element, and these are 
arrayed two-dimensionally along a plane that is perpendicular to the optical axis of the optical 
system of the electronic camera. 

In such electronic cameras, light is incident substantially normally onto the detecting 
elements that are positioned at the central part of the array surface. However, such cameras have 
had a problem of low hght-detecting efficiency for light that is incident at the periphery of the 
array surface. The low light-detecting efficiency arises because the hght at the periphery of the 
array surface is incident obliquely onto the detecting elements. Moreover, in many cases, the 
light-intercepting surface and the image plane of the detection elements arranged at the periphery 
of the array surface are not coincidental due to cxirvature of field of the optical system. Thus, 
another problem was that the image was out of focus at the periphery of the array surface. These 
problems have been solved previously by imposing strict restrictions on the design of the optical 
system for electronic cameras. 

However, in response to recent demands for miniaturization of electronic still cameras, it 
is desirable to reduce restrictions, as far as possible, in the design of the optical system of 
electronic cameras. Therefore, it has been desired to improve the light-intercepting efficiency of 
the detecting elements of an electronic image pick-up device without imposing restrictions on the 
design of the optical system of electronic cameras. 

BRIEF SUMMARY OF THE INVENTION 

The present invention relates to electronic cameras, meaning cameras that employ 
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electronic image pick-up devices for capturing images in lieu of recording the images using film. 

The object of the present invention is to provide an electronic camera having improved 
light-intercepting efficiency of the detecting elements of the electronic image pick-up device 
without imposing restrictions on the design of the optical system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fiilly understood from the detailed description 
given below and the accompanying drawings, which are given by way of illustration only and 
thus are not limitative of the present invention, wherein: 

Fig. 1 is a sectional view showing the lens element configuration and optical detecting 
surface of an electronic camera relating to Embodiment 1 of the present invention; 

Figs. 2A - 2C show the spherical aberration, astigmatism, and distortion, respectively, of 
the lens illustrated in Fig. 1; 

Fig. 3 is a sectional view showing the lens element configuration and optical detecting 
surface of an electronic camera relating to Embodiment 2 of the present invention; and 

Figs. 4A - 4C show the spherical aberration, astigmatism, and distortion, respectively, of 
the lens illustrated in Fig. 3. 

DETAILED DESCRIPTION 

The present invention is an electronic camera that includes an electronic image pick-up 
device with multiple detecting elements which are arrayed on a surface, and an optical system 
which forms an image onto the multiple detecting elements. Whereas prior art electronic 
cameras imposed restrictions on the optical system in order to reduce curvature of field, and 
arrayed the optical elements on a planar surface that was normal to the optical axis of the optical 
system, the present invention imposes no restrictions on the curvature of field of the optical 
system, while improving optical detecting efficiency at the periphery of the image field by 
arranging the detecting elements on a curved surface. In this way Ught is normally incident onto 
the detecting elements of the electronic image pick-up device, even at the periphery of the image 
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field. Further, whereas in prior art electronic cameras the light at the periphery of the image field 
was slightly out of focus due to residual curvature of field of the optical system, in the present 
invention the image remains in focus even at the perimeter of the image field. 

Thus, in the electronic camera based on the present invention, light passing through the 
optical system is incident onto the image pick-up surface of the electronic image pick-up device. 
This surface has multiple detecting elements arranged on it, is a non-planar surface, and has a 
curvature that matches the curvature of field of the optical system. 

It is preferable that the non-planar surface satisfies the following Condition (1): 

|r| <20f . Condition (1) 

where 

R is the radius of curvature of the image pick-up surface, and 

f is the focal length of the optical system. 

The invention will first be described in general terms. 

Fig. 1 shows the construction of the optical system of an electronic camera relating to an 
embodiment of present invention. In Fig. 1, Zqbj represents the object side, and Z^q represents 
the image side. In Fig. 1, the symbols Rl, R2 and R3 represent the radius of curvature of the first, 
second, and third surface, respectively, in order fi-om the object side, the symbols Dl and D2 
represent the on-axis spacing between the surfaces, in order fi:om the object side, and the symbol 
0 represents the optical axis. 

The electronic camera shown in Fig. 1 is constructed using a biconvex lens LI and an 
electronic image pick-up device 1. Both surfaces of the biconvex lens LI are aspherical and 
satisfy the below Equation (A): 

Z(h) = ChV{l + (1 - KCV)^^} + A4h^ + A^h^ + Agh« + A^oh^" . . . Equation (A) 

where 

Z is the length (in mm) of a line drawn from a point on the aspherical surface at 
distance h fi-om the optical axis to the tangential plane of the aspherical surface 
vertex, 

C ( = 1/R) is the cxirvature of the aspherical surface near the optical axis. 
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h is the distance (in mm) from the optical axis, 
K is the eccentricity, and 

A4, Ag, Ag, and Aio are the 4th, 6th, 8th, and 10th aspherical coefficients. 

The electronic image pick-up device 1 is a solid-state image pick-up device, such as a 
CCD array, and multiple detecting elements 10 are arrayed along an array surface 3. The 
respective detecting elements 10 have a light-intercepting surface on the object side. The 
electronic image pick-up device 1 receives the light and obtains two-dimensional image 
information using the respective detecting elements 10. 

The array surface 3 is non-planar. Preferably, the array surface 3 is concave on the object 
side. The array surface 3 may be formed on the surface of a support or other member (not 
illustrated). 

By having the array surface 3 be non-planar, the angles of incidence of a light at the 
detecting elements 10 can be substantially normal, even at the periphery of the image field. This 
improves the hght-intercepting efficiency of the detecting elements 10 of the electronic image 
pick-up device 1 without imposing any restrictions on the design of the optical system. 

Further, focusing errors at the detecting elements can be suppressed because the array 
surface 3 is made to match the curvature of field of the optical system, which in this instance is 
the curvature of field of the lens LI . 

Two specific embodiments of the invention will now be set forth in detail. 

Embodiment 1 

Fig. 1 shows the first embodiment of the invention. As this embodiment was discussed 
above in describing the invention in general terms, further explanation will be omitted. 

Table 1 below lists the surface number #, in order from the object side, the radius of 
curvature R (in mm) near the optical axis, the on-axis spacing D (in mm) between surfaces, as 
well as the index of refraction and the Abbe number (both at the d-line) of the optical 
material of the lens of Embodiment 1 of a camera that uses a solid-state image detecting device. 
Those surfaces that are aspherical in Table 1 are listed with a * to the right of the surface number. 
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In the middle portion of the table are listed the focal length f (the table data has been normalized, 
for convenience, so that f equals 1 mm), the f-number Fno.> and the image an^e 2o3. In the 
bottom portion of the table are listed the aspherical constants of the aspherical surfaces. These 
constmits define the shape of the aspherical surfaces 1 and 2 according to Equation (A) above. 

An "E" in the data listed in the bottom portion of the table indicates that the number following 
the "E" is the exponent to the base 10. For example, "l.OE-02" represents the number 1.0x10"^. 

TABLE 1 

R D N, 

1.1300 0.80662 1.49700 81.6 

-0.6769 0.76302 

-3.7642 0.0000 

f=1.00 Fno. = 2.8 2w = 67.1° 

# K A4 Ag Ag AjQ 

1 0.5125 3.3751E-01 -3.8136 4.4285E-02 2.0606E-02 

2 -0.1136 4.1294E-01 -1,1224E-01 -1.7612E-01 -1.4666E-02 

In the present embodiment, the radius of curvature R3 of the surface of the electronic 
image pick-up device 1 satisfies the above Condition (1), with the focal length f being that of the 
optical system formed by lens element LI. 

Figs. 2 A - 2C show the spherical aberration, astigmatism, and distortion, respectively, of 
the optical system of the electronic camera of Embodhnent 1. In Fig. 2 A, curves are given for 
each of the c, d and g lines (i.e., at wavelengths 435.8 nm, 587.6 nm and 656.3 nm, respectively). 
In Fig. 2B, a solid line shows the astigmatism of the sagittal image surface S, and a broken line 
shows the astigmatism of the tangential image surface T. hi these figures Fj^q represents the f- 
number, and O) represents the half-image angle. As is apparent from the figures, the aberrations 
are favorably corrected. 



# 
1* 
2* 
3 
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Embodiment 2 

Fig. 3 shows a second embodiment of the invention, with Zqbj representing the object 
side, and Z^q representing the image side. The symbols Rl -Rl 1 represent the radius of 
curvature of the surfaces of the optical elements, in order from the object side, the symbols Dl - 
DIO represent the on-axis spacing between the surfaces, in order from the object side, and the 
symbol 0 represents the optical axis. 

As shown in Fig. 3, the electronic camera relating to the present embodiment is provided 
with a first lens element LI of negative meniscus shape with its convex surface on the object 
side, a second lens element L2 of negative meniscus shape with its convex surface on the image 
side, a third lens element L3 of positive meniscus shape with its convex surface on the image 
side, a fourth lens element L4 of negative meniscus shape with its convex surface on the object 
side, and a fifth lens element L5 having a planar surface on the object side and a convex surface 
on the image side. Both surfaces of each of the second lens element L2 and the fourth lens 
element L4 are aspherical. 

The array surface 3 containing multiple detecting elements 10 of an electronic image 
pick-up device 1 is mounted to the image-side surface (i.e., surface # 11, in order from the object 
side) of the fifth lens element L5. 

Table 2 below lists the surface number #, in order from the object side, the radius of 
curvature R (in mm) near the optical axis, the on-axis spacing D (in mm) between surfaces, as 
well as the index of refraction and the Abbe number (both at the d-line) of the optical 
materials of the lens of Embodiment 2 of a camera that uses a solid-state image detecting device. 
Those surfaces that are aspherical in Table 2 are hsted with a * to the right of the surface number. 
In the middle portion of the table are listed the focal length f (the table data has been normalized, 
for convenience, so that f equals 1 mm), the f-number F^o., and the image angle 2o). In the 
bottom portion of the table are listed the aspherical constants of the aspherical surfaces. These 
constants define the shape of the aspherical surfaces (i.e. surface numbers 3, 4, 8 and 9) 
according to Equation (A) above. An "E" in the data Hsted in the bottom portion of the table 
indicates that the number following the "E" is the exponent to the base 10. For example, "l.OE- 
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02" represents the number 1.0x10 ' 







TABLb 2 






# 


R 


D 






1 


1.3172 


0.3470 


1.92286 


21.3 


2 


1.3758 


0.3019 






3* 


-0.5444 


0.23 o4 


1 CAO/IO 

1.j0o4o 


Do.4 


4* 


-0.5631 


0.2293 






5 


0.0000 


0.2293 






6 


-1.9866 


0.5191 


1.65160 


58.5 


7 


-0.5350 


0.0306 






8* 


1.0153 


0.1834 


1.50848 


56.4 


9* 


0.8369 


0.5564 






10 


0.0000 


0.1987 


1.51680 


64.2 


11 


-4.5861 










f=1.00 Fno. 


= 5.6 2co = 


54.0° 





# 

3 
4 
8 
9 



K 
1.9583 
-0.7064 
-3.8076 
-3.0230 



A, 
4.2589 
2.6072 
9.8739E-01 
2.6965 



-1.3839E-02 
1.4847E-01 
-1.4064E+01 
-2.1772E+01 



As 

2.9167E+01 
-1.4001E+02 
-1.1646E+01 
1.9202E+01 



Aio 
-4.963 lE+01 
7.4866E-K)1 
1.6638E+01 
7.9036E+01 



In the present embodiment, the radius of curvature Rl 1 of the surface of the electronic 
image pick-up device 1 satisfies the above Condition (1), with the focal length f being that of the 
optical system formed by lens elements LI through L5. 

Figs. 4A - 4C show the spherical aberration, astigmatism, and distortion, respectively, of 
the optical system of the electronic camera of the Embodiment 2. In Fig. 4A, curves a-e given 
for each of the c, d and g lines (i.e., at wavelengths 435.8 nm, 587.6 nm and 656.3 imi, 
respectively). In Fig. 4B, a solid line shows the astigmatism of the sagittal image surface S, and a 
broken line shows the astigmatism of the tangential image surface T. In these figures 
represents the f-number, and w represents the half-image angle. As is apparent from the figures, 
the aberrations are favorably corrected. 

The invention being thus described, it will be obvious that the same may be varied in 
many ways. For example, values of the radius of curvature R of array surface 3, as well as the 
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radii of curvature and spacings D of the lens element surfaces can be readily modified by those of 
ordinary skill in the art to obtain a system of a desired focal length. Further, the optical materials 
of the lens components may be varied from those illustrated in the specific embodiments. Still 
further, it is not entirely necessary that the detecting elements be arranged in a tvi^o-dimensional 
array. For example, for certain applications, one could instead employ a linear array of detecting 
elements with a desired curvature that matches the curvature of field of the optical system and 
rotate the image field by using, for example, a rotating prism so as to read-out, in timed 
sequence, the image data. Such variations are not to be regarded as a departure from the spirit 
and scope of the invention. Rather the scope of the invention shall be defined as set forth in the 
following claims and their legal equivalents. All such modifications as would be obvious to one 
skilled in the art are intended to be included within the scope of the following claims. 
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